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SEASONAL QUANTITY DYNAMICS

of ground beetles on spring wheat under different fertilization systems

Goal. Determine the dominant
species of ground beetles in crops of
spring wheat with different fertilization
systems and study the seasonal
dynamics of the number of ground
beetles. Methods. The research was
conducted in 2017—2019 years on the
experimental field of NSC «Institute
of Agriculture of NAAS of Ukraine»
in department of plant protection
from pests and diseases. Accounting
of carabids fauna in accordance with
the generally accepted methodology,
mainly using Barber soil traps. The
ecological characteristics are given
using literature data. Results. Specified
species composition of the dominant
species of carabids in spring wheat crops
under different fertilization systems.
Represented the seasonal quantity
dynamics of mass species of carabids
(Bembidion properans S., Harpalus
affinis S., Harpalus rufipes D., Poecilus
cupreus L., Harpalus distinguendus
D.) with mineral (Ny,Ps,K,,) and
organic (with plowing of by-products
of the predecessor) fertilizer systems.
Population peaks on spring wheat
reached maximums in May due to an
increase in the activity of species of
the spring-summer group of ground
beetles (Bembidion properans S.,
Harpalus distinguendus D., Poecilus
cupreus L.), in June — July — due to
the summer-autumn group (Harpalus
rufipes D. and Harpalus affinis
S).Conclusions. The peak activity
of carabids in different areas is due
to the peculiarities of the biology
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of each species during the growing
season of spring wheat and weather
conditions. Of the dominant, the
most widespread species with mineral
fertilizers was Bembidion properans
S., with organic — Harpalus affinis
S. There is a difference in the trophic
specialization of beetles. In the areas
with mineral fertilizer, the number of
zoophages and myxophytophages was
almost at the same level — 33.4 and
36.6 %, respectively. Organic fertilizer
was dominated by myxophytophagous
carabids (44%) with a mixed type of
diet due to the largest number of species
and the number of the genus Harpalus,

the percentage of zoophagous was
14.5%.

spring wheat; ground beetles; sea-
sonal dynamics of activity; zoopha-
gous; myxophytophages; trophic
specialization; fertilizer system

Harpalus rufipes Deg.
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Ground beetles play a significant
role in biocenoses as entomophagous,
regulating the number of terrestrial
invertebrates, and are considered
economically useful — adults and
larvae destroy some pests of crops,
limiting their numbers. In this regard,
carabids can be used in biological
methods of protection of forests and
crops, which requires knowledge of
their seasonal activity [, 2]. Carabids
are found in almost all land land-
scapes and respond subtly to changes
in soil-plant and microclimatic con-
ditions. These features have identified
this group of animals as a convenient
object for environmental research
and as a bioindicator for environ-
mental monitoring [3, 4]. Ground
beetles also attract attention because
they are active throughout the gro-
wing season. They can be considered
as a constant natural press that af-
fects phytophagous insects. Carabids
are closely related to the surface and
the top layer of soil and are the main
part of geo- and herpetobiotic or-
ganisms [5]. This group of beetles is
constantly attracting the attention of
researchers because it represents ac-
tive entomophagous in agrocenoses,
the diversity and number of which
can vary significantly throughout the
growing season depending on crop,
weather conditions or anthropic fac-
tors. Actively moving between diffe-
rent ecosystems, carabids are able to
quickly restore their numbers in the
fields [6, 7].

Material and methods of re-
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search. The study was conducted in
2017—2019 on the basis of National
Research Center «Institute of Agri-
culture of NAAS of Ukraine», de-
partment of plant protection against
pests and diseases (Chabany, Kyiv-
Sviatoshynskyi district, Kyiv region).

Insects were counted every 10
days during the spring wheat gro-
wing season. Their number was de-
termined using Barber soil traps (0.5
liter plastic containers, 1/3 filled with
formalin 2—4%). This method makes
it possible to obtain data on the dy-
namic population density of beetles,
which consists of the total number of
carabids in the area, as well as their
activity. There were plots of 100 m?
on spring wheat crops with mineral
fertilizers (Ny, P4 Ky, and plots with
plowing of by-products of the prede-
cessor (p.p.p).

The species composition of
ground beetles was determined in
laboratory conditions using tested in-
sect determinants and electronic atlas
[8, 9]. Trophic groups and seasonal
activity of carabids are indicated in
the literature [10, 11].

Results and discussion. 41 spe-
cies of carabids from 15 genera were
found in spring wheat crops, includ-
ing 40 species (15 genera) in areas
with mineral fertilizers and 32 species
(12 genera) in organic fertilizers. Ac-
cording to the data in the carabids
fauna, the most widely represented
genera are Harpalus (11 and 10 spe-
cies) and Amara (9 and 8), species
with very wide trophic plasticity with
mixed feeding, which prefer open
areas [12]. All species of the genus
Amara in the agrocenoses of spring
wheat are few. The above-mentioned
genera Harpalus and Amara occupy
the first and second places in the
list in terms of frequency of occur-
rence — more than 45—60% of all
collected individuals of carabids.

Throughout the season, the
dominant species in spring wheat
crops were zoophagous Bembidion
properans S., Poecilus cupreus L. and
myxofytophagous Harpalus affinis S.,
Harpalus rufipes D., Harpalus dis-
tinguendus D. However, differences
in the structure of the dominants
were observed. According to the
number of mass species of ground
beetles in areas with mineral fertili-
zers (option 1) is 70%, organic (op-
tion 2) — 58.5% of the total number
of carabids. In the areas with mineral
fertilizer, the most widespread was

(18.6%), with organic — this species
was as usual (3.2%). Harpalus rufipes
D. (16.1%) had a lower percentage
in the areas with mineral fertilizers,
while Harpalus affinis S. and Harpa-
lus rufipes D. were the most common
in the areas with organic fertilizers
(16.8% and 16.3%). Harpalus dis-
tinguendus D. was quite numerous in
the areas of spring wheat with orga-
nic fertilizer — 10.9% (in areas with
mineral fertilizer — 6.1%). Preda-
tory carabid Poecilus cupreus L. had
a larger share (14.8%) in areas with
mineral fertilizers than with organic
(11.3%).

In terms of seasonal activity of
mass species in areas with mine-
ral fertilizers, species with spring-
summer type of activity dominate
(39.5%) due to species Bembidion
properans S. and Poecilus cupreus
L.; with organic fertilizer — ground
beetles of the summer-autumn group
due to the largest number of species
and the number of the genus Har-
palus.

There are differences in trophic
specialization. In areas with mineral
fertilizers, zoophagous are numer-
ous, the share of which is 33.4%,
and myxophytophagous — 36.6%.
A significant proportion of carabids
(44%) in areas with organic ferti-
lizer are species with a mixed type of
feeding myxofytophages, the share of
zoophages was 14.5%.

The dynamics of carabids activity
changes during the growing season
and depends on many factors: species
biology, fertilizer system and weather
conditions.

According to research, Bembidion
properans S. is one of the mass and

small zoophages on spring wheat,
especially in areas with mineral ferti-
lizer system, the number of species
is 6 times higher than organic. In
areas with mineral fertilizers carabids
are active throughout the growing
season, the maximum number was
observed in mid-May — 11.8 exem-
plars for 10 trap days. In July, when
the vegetative mass of spring wheat
plants increases significantly, there
is a sharp decline in the population
of carabids of this genus. In areas
with organic fertilizer, the number
of Bembidion properans S. was much
lower. In May, this species was more
active, from June the number de-
creased sharply and was almost at
the same level until the end of the
growing season (fig. 1).

High population density (2.1
and 5.3 exemplars/10 trap days) of
Harpalus affinis S. in both areas is ob-
served in the second decade of May,
increased numbers in the spring due
to the emergence of overwintering
adults with subsequent reproduction.
The peak of the number in the areas
with organic fertilizer was recorded
in early June, the number decrea-
ses sharply by the second decade of
June, the gradual growth of carabid
is observed until mid-July. In areas
with mineral fertilizers, the peak of
Harpalus affinis S. was found in late
June, which is almost two decades
later than in areas with organic fer-
tilizers. The high number of species
in summer may be due to the condi-
tions of existence and the presence of
food plants (fig. 2).

At the end of May, a significant
decline in the number of Harpa-
lus rufipes D. species was observed
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Fig. 1. Seasonal quantity dynamics of Bembidion properans S.
on spring wheat under different fertilization systems
(Chabany, Kyiv region, 2017—2019)

the species Bembidion properans S.
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in both areas (mineral and organic
fertilizer systems) of spring wheat —
from 2.1 exemplars up to 0.4 exem-
plars, and from 0.9 to 0.3 exem-
plars/10 trap days (fig. 3). Dynamic
activity of this species was observed
from early June to mid-July. The
peak of the number reached its maxi-
mum values in the second decade of
July — 13.8 and 13.3 exemplars/10
trap days. This is due to the mass
appearance of overwintering carabids
of the summer-autumn group, which
reproduce mainly in the second half
of summer [13].

Poecilus cupreus L. was the domi-
nant species in both areas. This
predator easily adapts to changing
living conditions. In mid-May, the
activity of the predator was noted in
both areas. The high number of in-
sects according to years of research
was with mineral fertilizers (fig. 4).
At the end of May, the sharp decline
in activity lasted only a decade and
was at the same level until the end
of the spring wheat growing season.
Under conditions of organic ferti-
lizer, the decline in the number of
carabid lasted for two decades, after
which it began to grow rapidly. The
second peak of activity was recorded
in the second decade of June, be-
fore the end of the growing season
the number of carnivorous carabid
gradually decreased. During the pe-
riod of research during the seasonal
dynamics, the number of adults was
1.5 times lower than organic food,
except for the recorded peak, where
the number was 1.6 times higher than
the mineral. For organic fertilizers,
the highest number was recorded in
2019 compared to 2017 and 2018 in
1.9 and 1.3 times, respectively. The
maximum activity of Poecilus cupreus
L. in mid-May is due to the addi-
tional nutrition required for egg for-
mation. Due to global warming, the
timing of insect development cycles
may change, causing activity peaks to
shift by 1—2 decades [14].

In areas with mineral fertilizers,
the maximum number of Harpalus
distinguendus D. was observed in the
second decade of May, the decline
occurred at the end of the growing
season of spring wheat. Under the
organic fertilizer system, two peaks
of activity of this species were ob-
served, the first peak was observed in
late May, the second — in late June
(fig. 5).

Thus, the number of species and
the number of ground beetles du-
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Fig. 2. Seasonal quantity dynamics of Harpalus affinis S.
on spring wheat under different fertilization systems
(Chabany, Kyiv region, 2017—2019)
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Fig. 3. Seasonal quantity dynamics of Harpalus rufipes D.
on spring wheat under different fertilization systems
(Chabany, Kyiv region, 2017—2019)
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Fig. 4. Seasonal quantity dynamics of Poecilus cupreus L.
on spring wheat under different fertilization systems
(Chabany, Kyiv region, 2017—2019)
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ring the season varied depending on
the biology of each species, fertilizer
system and weather conditions. At
the beginning of the growing sea-
son, spring wheat was dominated
by carabids with spring activity. At
this time, spring wheat fields accu-
mulate ground beetles from neighbo-
ring habitats, which leads to a high
dynamic density of spring carabids
populations, mainly in areas with
mineral fertilizers, where vegetation
is already more pronounced. At the
end of the growing season, mainly
in areas with organic fertilizer, cara-
bids of the summer-autumn group,
moderate mesophiles, which tend to
relatively arid conditions and non-
thickened crops, predominated.

It should be noted that there are
differences in the number of ground
beetles and years of research. Mass
ground beectles in both areas were

during the growing season only in
2017, their number was many times
higher than in 2018 and 2019. Figu-
re 6 shows that the air temperature
in 2017 (late May-mid-June) was
higher than normal by 0.4—2.7°C
compared to long-term averages,
but lower than in 2018, where the
temperature was higher by 3—4.9°C,
in 2019 — by 4.5—8.1°C. The only
exception was Harpalus affinis S. in
the organic fertilizer system, where
the number of this species was many
times higher in 2018 and 2019 com-
pared to 2017, this species is more
adapted to elevated air temperatures.

The change in the seasonal num-
ber of spring and summer species in
the spring wheat agrocenoses was
largely due to weather conditions.
The number of spring-summer group
of ground beetles Bembidion prope-
rans S., Poecilus cupreus L. in mid-
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Fig. 5. Seasonal quantity dynamics of Harpalus distinguendus D.
on spring wheat under different fertilization systems
(Chabany, Kyiv region, 2017—2019)
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May increased in warm weather with
precipitation. Two peaks of the maxi-
mum number of Poecilus cupreus L.
in the organic fertilizer system were
observed only in 2017, so a clear pat-
tern of the second peak of the num-
ber is not observed. The increased
summer temperatures observed in
recent years have affected the faster
development of larvae of wintering
carabids, and the periods of egg-la-
ying of carabids have been shifted ac-
cordingly. The appearance of young
beetles of the summer-autumn group
was noted in May, but a mass release
was observed in mid-July.

CONCLUSIONS

The dominant species in the areas
of spring wheat with different fertiliza-
tion systems were zoophagous Bembi-
dion properans S., Poecilus cupreus L.
and myxofytophagous Harpalus affi-
nis S., Harpalus rufipes D., Harpalus
distinguendus D. According to the
number of mass species of carabids in
areas with mineral fertilizers is 70%,
with organic — 58.5% of the total
number of ground beetles.

Of the dominant species in the
mineral fertilizer system, the most
massive was the carnivorous cara-
bid Bembidion properans S., of the
organic — myxophytophag Harpa-
lus affinis S. The dynamics of the
number of mass species of ground
beetles was characterized by several
peaks, varying depending on bio-
logy, weather conditions and sea-
sonal activity of carabids. In May,
the number reached a maximum due
to increased activity of the spring-
summer group Bembidion properans
S., Harpalus distinguendus D., Poeci-
lus cupreus L. The second peak was
in June — July due to the summer-
autumn group Harpalus rufipes D.
and Harpalus affinis S. Peaks of ca-
rabids activity in different areas are
due to the mass emergence of beet-
les from wintering grounds and the
presence of a trophic base during the
growing season of spring wheat.

According to trophic specializa-
tion in the areas with mineral ferti-
lizer, the number of zoophages and
myxophytophages was almost at the
same level of 33.4% and 36.6%, re-
spectively. Myxophytophages ca-
rabids with mixed type of nutrition
were more numerous (44%) in the
organic fertilization system due to
the largest number of species and the
number of the genus Harpalus, the
share of zoophagous was 14.5%.
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Ce3oHHa ITHaAMiKa YMCeNbHOCTI TYpYyHiB
Ha NOCiBax MueHNIi Apoi 3a pisHux
cucTeM ypoOpenns

Mema. Busuauumu Oominyioui 6udu
MypyHi8 y nocieax nuieHuyi apoi 3a pisHux
cucmem y0obpenns ma Oocnioumu ixwio ce-
30HHy OuHamiky uucenvrHocmi. Memoou. [Jo-
cnioscenus nposedeqo y 2017—2019 pp. Ha
nonvosomy cmavionapi HHI] «Incmumym
semnepobcmea HAAH» y 8i0dini 3axucmy
pocnun 6i0 wikionuxis i x6opo6. O6niku Ka-
pabidopaynu 30iticHI08anU 30 342aTbHONPUTI-
HAMUMU MeroOUKAMU, 207I06HUM HUHOM, 3
BUKOPUCTNAHHAM SPYyHMosux nacmok bapoe-
pa. Exonoeiuna xapakmepucmurka Haseoena
3 BUKOPUCMAHHAM JIiMepamypHux OaHux.
Pesynomamu. Ymouneno 6uoosuti cknao
JomiHylouux 8udie6 mypyHis y nocisax nude-
HUYi Apoi 3a pisHux cucmem yoobpenns. Ha-
8edeHo 0ami Npo ce30HHY OUHAMIKY Hucerb-
Hocmi macosux eudie mypyHie (Bembidion
properans S., Harpalus affinis S., Harpalus
rufipes D., Poecilus cupreus L., Harpalus
distinguendus D.) 3a minepanvoi (NgPgKyy)
ma opeaniunoi (i3 3a0pro6anHam no6iuHoL
npoodyxuii nonepedruxa) cucmem y0oOpeHHsL.
Iixu wucenvrocmi Ha nuieHuyi Apiil caeanu
MAKCUMyMi8 y mpasHi 3a paxyHoK nideuuseH-
HA AKMUBHOCMT 61068 BECHAHO-TIIMHLOI 2py-
nu mypyuie Bembidion properans S., Harpalus
distinguendus D., Poecilus cupreus L., y ueps-
Hi — NUNHI 3 PaxyHOK TiMHb0-0CiHHbOT 2py-
nu Harpalus rufipes D. ma Harpalus affinis S.
Bucnosku. Ilik axmueHocmi mypyHié Ha
PisHux OiAHKAX 3yMOB/IEH ULl 0COOUBOCMA-
Mmu 6iono2ii KoxHo2o 6Udy 6 nepiod éezema-
Uil nueHuyi APOi Ma NO20OHUMU YMOBAMU
poky. 3 OOMIHAMMHUX HATIOINbUWE MACOBULL
HA QiAHKAX 3 MIHEPATILHUM YO0OpeHHAM 6Y6
6u0 Bembidion properans S., 3 opeaniunum —
Harpalus affinis S. Bcmatosnero 6iomin-
HicMb 3a MpogiuHoI0 cneyianizayiero HyKie.
Ha Oinsuxax 3 minepanvHum 000pU60M “u-
cenvHicmo 300pazie i mixcopimogpazie byna
maiixne Ha o0Homy pieni — 33,4 ma 36,6%,
6i0n06i0H0. 3 OpeaHiuHum Y006peHHAM 00-
Mminysanu mypyru-mikcopimogaeu (44%)
3i SMILUAHUM MUNOM HUBIEHHS 34 PAXYHOK
Halibinbuiol Kinekocmi 6udie Mma HucenbHOC-
mi pody Harpalus, wacmxka 300¢azie cmaro-
suna 14,5%.

MIIEHNIA Apa; TYPYHM; Ce30HHA M-

HaMiKa aKTMBHOCTi; 300¢aryu; Mikco-

dirodaru; Tpodiuna cmemiamizamis;

cucTeMa yro6peHHs
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